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This document was created to convey why it is necessary for the University of Missouri to provide 
additional computational capacity and disk storage to support the explosion of data that has been 
and will continue to be generated by enhancements to high throughput sequencing research. A 
sustainable funding model is also provided. 
Executive Summary 
It would be an understatement to say that “next-generation” sequencing technology has been 
revolutionary.  Over the last 10 years, sequencing has created a paradigm shift in biological 
sciences where more and more a component of research involves “just sequence it”.  This is 
because the types of data, applications and resulting insights are expanding every year.  Further, 
the volume and speed of data generation are growing exponentially, while the costs to generate 
these data are decreasing exponentially.  The Human Genome Project completed the first draft 
genome sequence in 2001 at an estimated cost of $3 billion.  Next-generation sequencing became 
mainstream around 2007 and enabled the re-sequencing of a human genome at a cost of 
approximately $50,000.  In late 2015, Illumina announced the availability of their X10 sequencer 
for use on non-human samples enabling the re-sequencing of a mammalian (human, cow, dog etc.) 
genome for approximately $1,500 and with an annual throughput of 10,000 genomes per year.  
The ease, rapidity and cost effectiveness of generating sequence data has created a computational 
analysis bottleneck.  The growth of computational resources on the MU campus has not kept pace 
with the growth in data generation capability. 
In order for Mizzou to maintain a competitive research environment, we need to expand the 
computational resources available for bioinformatics analysis of large data which include sequence 
data.  It will require an initial investment of $619,000 in early 2016 to build the needed core 
infrastructure and will require ongoing funding to maintain and expand this infrastructure. 
Initial investments (cost share of $231,000) made by Mizzou in 2005 to bring next-generation 
sequencing to this campus have been returned many-fold.  Based on a survey sent to MU 
researchers in November 2015, a total of 66 grants have been awarded involving sequencing for a 
total of $87.5M.  $7.6M of that is directly attributable to sequence data generation/analysis. In 
addition, another $7.9M in grant funding has been submitted and remains pending.  This research 
has led to 173 refereed journal articles in top-tier journals producing over 6,000 citations.  
Additionally, 19 M.S., 62 Ph.D. and 21 postdocs have been trained as a result of these sequence 
related research projects.  Plant and animal researchers at MU have been at the forefront of the 
next-generation sequencing revolution.  However, based on the diversity of grants and papers 
gathered by the survey, sequence analysis provides a common foundation that ties together many 
disciplines on campus.  As such, investment in computational capacity directed at sequence data 
analysis will serve the entire campus and provide technological ties between disciplines. 
The following is a detailed description of the history of sequencing/bioinformatics, a description 
of the computation resources required, and a model for sustainability and an analysis of the impacts 
of next-generation sequencing at Mizzou.  
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History of Sequencing at MU 
The story of high throughput sequencing at MU is the story of how a small investment can produce 
enormous success. It started with a proposal to the National Science Foundation (NSF). Ten years 
ago (August, 2005) MU was awarded a Major Research Instrumentation (MRI) award to purchase 
Illumina instruments (both genotyping and sequencing) totaling $925,500. MU’s cost share was 
about $231,000. The NSF was particularly impressed that the project served BOTH plant sciences 
and animal sciences and that the shared instrumentation would be housed in MU’s DNA Core 
Facility where it could generate revenue from various other research projects and businesses.  The 
DNA Core Facility staff collaborated with research support computing staff and industry to 
generate, analyze and distribute the massive quantities of data involved in High Throughput 
Sequencing (HTS) and genotyping. 
This cost share with the NSF led to several significant outcomes including: 
 Mark McIntosh was Principal Investigator on a grant from the State of Missouri which 
contributed $1.3M in salary support that enabled the creation of MU’s Informatics 
Research Core Facility. This revenue generating facility provides bioinformatics data 
management and support for a variety of researchers. As envisioned, the Director, Scott 
Givan serves as co-investigator on many of the current research grants.  The collaborations 
strengthen research proposals and facilitate high-throughput sequencing-based projects to 
a broad base of faculty and staff. 
 The US Congress selected MU as the location of the National Center for Soybean 
Biotechnology (NCSB) http://www.soybiotechcenter.org/. Henry Nguyen, of MU’s 
Interdisciplinary Plant Sciences Group who served as PI on the MRI award directs the 
center. See: http://soybeangenomics.missouri.edu/personnel/nguyenbio.htm MU was 
selected to host the center based on our record of interdisciplinary research on soybean 
genetics, genomics, and related sciences. The NCSB is a collaborative program among 
scientists at the University of Missouri, the USDA-ARS Plant Genetics Unit in Columbia, 
and the Donald Danforth Plant Science Center in St. Louis, MO to provide innovative 
molecular approaches that can be applied toward soybean improvement. The NCSB’s 40+ 
researchers have expertise in diverse fields including agronomy, microbiology and plant 
pathology, chemistry, biochemistry, animal science, food science, molecular biology, 
engineering, computer science, and agricultural economics. Their many successful 
collaborations include SOYKB – see: http://engineering.missouri.edu/2015/06/soykb-a-
powerful-tool-at-the-junction-of-plant-biology-and-computer-science/.  Scientists 
working in the NCSB successfully compete for funding from a variety of other sources 
including the Missouri Soybean Merchandising Council (MSMC), federal agencies, and 
private industry. For information on their research projects, see: 
http://www.soybiotechcenter.org/research/.  
 A historic $5.6 million gift. In Spring of 2004, MU officials announced a historic donation 
from one of the nation’s top private livestock producers. The David W. Gust family, owners 
of Circle A Ranch in Iberia, MO donated detailed animal performance data on 
approximately 6,000 animals, including DNA samples.  Jerry Taylor, Curators' Professor 
and Wurdack Chair in Animal Genomics, who was Co-PI on the MRI award- was able to 
secure this gift which was heralded as the first such gift to a public institution. See: 
http://cafnr.missouri.edu/alumni-files/gratitude/s2004-gratitude.pdf Animals from this 
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donation were among the 10,000 animals genotyped on the Illumina genotyping system 
from the NSF MRI award. 
 Mizzou Advantage targeted investment led to the hire of researcher Chris Elsik with the 
knowledge and skills to support and advance plant AND animal research – 
http://mizzouadvantage.missouri.edu/people/christine-elsik/.  Dr. Elsik and her lab 
collaborate with scientists from around the world performing a fundamental role in gene 
prediction, organization of community annotation and the analysis of model organism 
genomes.  Her lab http://genomes.missouri.edu/elsiklab has developed and maintains the 
Bovine Genome Database, and the Hymenoptera Genome Database (which includes 
BeeBase, NasoniaBase and the Ant Genomes Portal).  Chris is also highly involved in 
Missouri’s EPSCOR project that has received $20 million in funding.  Note the Research 
and Accomplishments information at: http://www.epscormissouri.org/  
 
The initial Illumina sequencing instruments obtained as part of the NSF MRI grants in 2005/2008 
have been replaced as new technology/instruments become available.  Currently the DNA Core 
Facility operates two Illumina Hi-Seq and two Illumina Mi-Seq instruments.  The DNA Core has 
seen exponential growth in its services reflective of the demand for sequencing. (Fig. 1).  This 
increased demand for sequencing capacity has been due to an increasing number of funded grants 
that involve sequence generation. 
 
Fig. 1. Exponential growth of sequence data generation at the Mizzou DNA 
Core facility. http://biotech.missouri.edu/dnacore/initiateproject.html# 
 
Impact of Sequencing Technology at Mizzou 
To quantify the impact of the DNA Core Facility sequence data generation, in November, 2015, 
an e-mail questionnaire was sent to Mizzou researchers involved with sequence generation and 
analysis.  The e-mail contained an Excel template for researchers to list grant information, 
publications and students trained.  Responses to this e-mail survey are summarized below. 
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A total of 66 grants that involve sequence generation/analysis (Fig. 2) have been funded since 
2001 (detailed in Appendix A).  This represents $87,530,171 in total funding and $7,647,758 
directly attributable to sequence data generation/analysis (Fig. 3 A-B).  As previously noted, the 
DNA Core Facility received its first DNA sequencer in 2008.  This enabled researchers to generate 
preliminary data with which to write additional grants.  The result of this acquisition can be seen 
in Fig. 3 where a large number of grant dollars in 2011 primarily coming from two grants to the 
Animal Genomics group: Integrated Program for Reducing Bovine Respiratory Disease Complex 
in Beef and Dairy Cattle ($10M) and National Program for the Genetic Improvement of Feed 
Efficiency in Beef Cattle ($5M).  As detailed in Appendix A, and depicted in Fig. 1, the total 
number of grants, total dollars and dollars attributable to sequence generation have continued to 
increase year over year which is in part responsible for the exponential growth in sequence 
generation from the DNA Core Facility. 
 
Fig. 2. Number of sequencing related grants funded. 
 
 
Fig. 3. Total dollars by year (A) and sequencing expenditures (B) for grants received by MU 
researchers. 
The success of MU researchers in competing for grant dollars has also had an impact on the number 
and quality of peer reviewed papers published.  In response to the e-mail survey, researchers 
provided a list of all publications related to sequencing (Appendix C).  In order to quantify the 
impact of these publications, the number of citations per paper and the journal metrics were 
obtained from Thompson Reuters InCites Journal Citation Reports. 
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https://jcr.incites.thomsonreuters.com/JCRJournalHomeAction.action.  A total of 173 papers were 
submitted that have a combined 6716 citations as of 12/1/2015.  As can be seen from Fig. 4, the 
increase in the number of papers coincides with the increase in grants and grant dollars obtained 
and also the amount of sequence data generated.  It is common knowledge that there is a “lag” in 
citations of several years from the time a paper is published.  Given the rapid rise in the number 
of sequencing papers in the last two years (2014-15), one can extrapolate that the citation counts 
of these papers in the coming years will be significant and positively impact Mizzou’s AAU 
metrics. 
 
Fig. 4. Total number of sequencing related 
papers and the numbers of citations. 
One paper of particular note is from 2008: Simultaneous SNP discovery and allele frequency 
estimation by high throughput sequencing of reduced representation genomic libraries. Nature 
Methods. 5:247-252. This was the cover article and currently has 319 citations.  This paper is 
noteworthy because it was the first paper describing the use of next-generation sequencing to 
directly estimate allele frequencies for the development of a genotyping assay.  The assay that was 
developed was used to genotype over 10,000 cattle samples by the DNA Core Facility using 
instrumentation acquired from the initial NSF MRI award.  The assay itself was marketed by 
Illumina and has sold over 2 million units worldwide.  In 2010, this group received the USDA 
Secretary’s Honor Award - the highest award given by the USDA.  All of this was made possible 
by the initial investment in the Illumina technology at Mizzou. 
The breadth of sequencing related activities is also reflected in the journals that Mizzou researchers 
have published in (Appendix B).  The 173 papers were published in 81 journals covering 27 
categories/disciplines. Of the 173 papers, 143 (77%) are from journals ranked in the first quartile 
(Q1) of their discipline with 6% (Q2), 6% (Q3), 4% (Q4) and 5% in journals without a ranking.  
Sixteen papers were published in nine journals with impact factors >10, again demonstrating the 
relevance and high impact of sequencing related activities. 
Another measure of impact is in the training of graduate students.  A total of 16 researchers from 
10 departments/divisions indicated that 19 M.S., 62 Ph.D. and 21 postdocs have been trained in 
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bioinformatics associated with sequence data analysis (Table 1).  This demonstrates a broad 
educational impact focused on the common technology of sequence data analysis. 
Table 1. Number of students trained in sequence data analysis. 
Mizzou PI/Co-I Dept/Division 
Number 
MS 
Number 
Ph.D. 
Number 
Postdocs 
Taylor, JF Animal Science 4 3 1 
Prather, RS Animal Science 1 2 0 
Lyons, LA Animal Science 1 0 0 
Lyons, LA CVM - VMS 2 0 0 
Beerntsen, BT Veterinary Pathobiology 0 0 1 
Xu, D Computer Science 4 11 3 
King, EG Biological Sciences 1 2 1 
Joshi, T MMI / MUII / CS /IPG 2 3 0 
Wall, J Biochemistry  0 2 2 
Spencer, T Animal Science 0 6 0 
Taylor, KH Pathology and Anatomical Sciences 2 3 0 
Stacey, G Plant Sci/Biochem 1 10 8 
Elsik, CG Animal Science 0 6 0 
Johnson, GS Veterinary Pathobiology 0 3 0 
Flint-Garcia, S USDA-ARS, Div Plant Sci 0 2 2 
Pires, JC Biological Sciences 1 9 3 
 Total 19 62 21 
Informatics Research Core Facility 
As mentioned above, the MU Informatics Research Core Facility (IRCF) works extensively with 
researchers to manage, analyze and visualize high-throughput data. A significant focus of the IRCF 
is working with Illumina sequence data, both Hi-Seq and Mi-Seq, generated by the MU DNA 
Core. One measure of IRCF activities is its broad client base. Since 2011, the IRCF has worked 
closely with nearly 100 research groups. These research groups come from a number of MU 
colleges and departments, including Biology, Microbiology, Veterinary Medicine, Agriculture and 
Natural Resources, Chemistry, Biochemistry and the Medical School. The IRCF also has a number 
of external clients, including from the University of Texas, Montana State University and Virginia 
Tech. Another measure of the growth of IRCF is the revenue generated by these activities. As 
illustrated in Fig. 5, since 2011, which is the first year that the IRCF charged for services, revenue 
has grown to over $100,000 per calendar year. 
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Fig. 5. Annual revenues of the Informatics Research Core 
Facility demonstrating a rapid increase and sustained demand 
for services. 
Computational Demand 
The success of researchers competing for grant dollars has become a double-edged sword.  While 
we have clearly demonstrated the growth of sequencing and its academic impact at Mizzou, the 
computational resources necessary to continue this growth have been absent.  The University 
maintains a high performance computing (HPC) cluster named Lewis3 
(https://umbc.rnet.missouri.edu/resources/lewis3.html ).  The original Lewis cluster was upgraded 
in 2015 to include 32 compute nodes with 128 GB of memory each and 8 compute nodes with 256 
GB of memory each and each compute node has 24 Intel Xeon cores (960 total CPU cores).  While 
this may seem like a large compute system it is actually quite small compared to our peer research 
institutions.  For example, Texas A&M operates several HPC systems, one of which has 16,900 
CPU cores http://sc.tamu.edu/systems/.  Likewise, Iowa State University operates several HPC 
clusters with over 2,500 CPU cores (http://www.hpc.iastate.edu/systems). 
HPC systems have traditionally been built based on the characteristics of the type of analyses to 
be performed.  Typically these systems have a large number of compute nodes with a large number 
of CPU cores but low memory in the range of 12-48 GB/node.  For physical sciences (e.g., physics 
and chemistry), which are generally characterized by extremely large numbers of “small” jobs that 
individually operate on a small piece of data, the traditional HPC system performs very well.  In 
many cases, an analysis job can be distributed across a large number of nodes/cores. 
Bioinformatics analysis, in particular sequence data analysis, has very different compute 
requirements.  Sequence data analysis is characterized by very large input files, even larger 
intermediary files and most importantly, large memory requirements.  These characteristics make 
sequence analysis on traditional HPC systems either extremely difficult or in most cases 
impossible.  For example, two common analysis pipelines are de-novo transcriptome or genome 
assembly, and error correction.  Both often require greater than 256 GB of memory and sometimes 
as much as 1 TB.  The University of Missouri HPC systems generally lack compute nodes capable 
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of performing these types of analysis.  For example, the Lewis3 cluster only has two compute 
nodes capable of performing these types of analyses. 
The large amount of sequence data generated by Mizzou researchers and the lack of centrally 
supported high performance computing capable of processing these data have led to the creation 
of independently acquired and managed systems to handle the sequence data.  The Informatics 
Research Core Facility (IRCF) manages the BioCluster, which currently contains 9 servers with 
a total of 328 processors and 225 TB of storage.  The Division of Animal Sciences manages the 
MUgenomics infrastructure which contains 8 servers with a total of 424 CPU cores and 160 TB 
of storage.  While the total CPU count of these systems is smaller than the Lewis3 system, they 
are different from Lewis3 in two very important aspects.  The BioCluster and MUgenomics 
consist primarily of high memory and high CPU core nodes, most of which have 64 cores and 512 
GB memory.  These two systems were specifically built to analyze sequence data because the 
University operated Lewis system was incapable of analyzing the sequence data.  
The exponential increase in sequence data being generated by an ever increasing number of funded 
grants demands an investment in a new HPC system designed to meet the computing 
characteristics of these new data.  In order to determine the hardware architecture requirements for 
a new Informatics HPC we present an analysis of a typical sequence analysis pipeline, variant 
calling from genomic resequencing. 
Sequence Analysis Benchmark 
The Broad Institute has created “best practices” guidelines for using the Genome Analysis ToolKit 
(GATK), which is a widely used analysis pipeline for variant calling  
https://www.broadinstitute.org/gatk/guide/best-practices.php.  The GATK best practices pipeline 
was implemented on the MUgenomics infrastructure.  The pipeline, as implemented by the Animal 
Genomics group, consists of 17 steps.  Each of these steps has different hardware requirements in 
terms of CPU, disk and memory usage.  In order to characterize each of these steps, a profiler 
program was written that captures system statistics at 5 second intervals during the entire pipeline 
throughput and produces a summary plot. 
The server used was MUgenomics07 with 48 cores (4 x 12 core AMD 6348 2.8 GHz) and 512 
GB DDR2 1866 RAM.  This server is the Postgres database server for the Animal Genomics group 
and was chosen because of its fast disk storage system to illustrate the I/O requirements of a 
sequence data pipeline.  The storage on this server consists of 30 - 300 GB Seagate 15K rpm SAS2 
drives (ST33000657SS) configured as a 4 TB RAID10 array on an Adaptec 78165 controller. 
The data used were genomic sequence data from a domestic dog.  This dog had approximately 
30X of genome sequence coverage of raw data (2 x 100 bp) from the MU DNA Core’s Illumina 
HiSeq2000 instrument.  The gzip compressed input data size was 76.2 Gb.  Note that the analysis 
presented below is part of the Animal Genomics group’s standard pipeline and these figures are 
available for over 400 animals.  This animal was chosen as a representative of the total data 
processed. 
Fig. 6 presents the system characteristics of the pipeline. First, note that it took over 21 hours to 
process the data for this single animal.  This pipeline has been highly optimized and tailored to the 
MUgenomics infrastructure to maximize hardware usage and minimize total run time.  This is 
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representative of a typical 30X mammalian genome using this hardware and this pipeline.  The 
Animal Genomics group has over 400 such animals and if restricted to a single server would 
require almost a year to process the data.  The red peaks in Fig. 6 are characteristic of multithreaded 
programs that are able to utilize all available CPU cores and thus these steps of the pipeline are 
CPU-bound which is nearly half (47.3%) of the total required processing time.  The blue peaks in 
Fig. 6 are characteristic of stages that have high volumes of disk writes where processed data need 
to be physically written to storage.  High disk I/O (>200 MB/s) represents 33.1% of the total 
processing time.  Finally, stages with elevated disk wait (%wa > 1.0) are illustrated in pink.  The 
I/O wait on this server is generally not an issue due to the high throughput of the storage subsystem.  
Note that the I/O in blue is relative to the right Y-axis and is in MB/s.  A significant portion of 
processing time is spent performing I/O >200 MB/s and a non-trivial amount of time performing 
I/O at >800 MB/s.  This has profound implications for HPC infrastructure where compute nodes 
use shared data storage and storage bandwidth needs to be a primary design criteria. 
The memory subsystem performance is not presented, although cache and dirty bytes are captured 
in the profiler.  This is because this analysis pipeline has been optimized and requires a compute 
node with 512 GB memory.  The large memory is used for cache and significantly speeds up the 
entire process. 
In summary, compute infrastructure for the analysis of sequence data has drastically 
different resource requirements than provided by traditional HPC environments.  These 
requirements are characterized by compute nodes with high CPU core counts (>40 but 
preferably 64), high memory (minimum 512 GB) and very high bandwidth to storage (>200 
MB/s sustained for long periods). 
 
Fig. 6. System profile of the GATK best practices pipeline for variant calling from genomic data. 
Key Trends Make Computational Capacity More Critical 
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The next generation of DNA sequencer will again increase throughputs and lower costs. The 
implications for Mizzou researchers are significant.  A researcher can afford to over-deliver by 
generating 2-5 times the amount of data that were originally proposed in a sequencing budget. The 
decrease in cost and increase in data generation make it feasible for researchers to write grants to 
perform population level analyses.  This too will require an increase in the computation required 
to store, process, and analyze these data.  In the past, a lab could process and analyze the data on 
a small number of machines, for example the BioCluster or MUgenomics servers.  The increased 
amount of compute power required will be beyond what a single lab can manage and requires an 
extensive infrastructure to take advantage of multiple nodes to process the data in parallel in order 
to compute the results in a competitive time. 
In terms of genomics, a common target is a “1000 Genome Project” for a species.  The first Human 
1000 genome project was a massive effort http://www.1000genomes.org/participants.  Similar 
projects have been completed for most highly-researched species.  Of particular interest at Mizzou 
are the 1000 Bull Genomes project (Taylor, Schnabel, Decker), 1000 Soybean Genomes project 
(Nguyen, Xu, Joshi), Maize Genome (Flint-Garcia), 1000 Dog Genomes (Johnson, O’Brien, 
Schnabel, Taylor) and the cat Nine Lives project (Lyons, Gandolfi).  Technological advancements 
have made it possible for an individual lab to conduct their own 1000 Genomes Project for their 
favorite species.  Therefore, considering active projects at Mizzou, a logical short-term target for 
building a new bioinformatics cluster is the ability to process 1000 genomes in a reasonable 
timeframe. 
A single ongoing analysis on campus requires the processing of about 1000 genomes and 
consumes roughly 1 million core-hours of compute time.  A single 56 core node would take about 
two years of compute time to complete the required anlyses.  There is only one machine in the 
campus cluster (Lewis3) with sufficient RAM to complete the analysis but it only has 24 cores.  A 
cluster of 20 such Lewis3 nodes would reduce the processing time down to about 36 days for this 
single project. 
This proposal is to acquire an initial bioinformatics cluster and establish a sustainable 
funding model which would enable researchers to directly include the cost of the analysis in 
their grant funding.  Research Computing Support Services has already invested over $500K in 
the General Purpose Research Storage to create a sustainable storage environment that allows 
researchers to easily include the cost of data storage in their grants.  The bioinformatics cluster 
would be built and tuned specifically for the analyses required to process and analyze sequence 
data. 
Description of the Proposed Hardware Infrastructure  
The sequencing projects commonly conducted at Mizzou have the structural characteristics 
described in Table 2 and result in about 10 million core hours, and a 20 node cluster could 
compute this in about one year. The cost of the system is described in Table 3. 
 
 
Table 2. Characteristics of proposed 20 node Bioinformatics cluster. 
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Analysis Type: # Cores 
RAM 
(GB) 
Scratch 
(TB) 
Jobs 
/Batch Batches 
Length 
(Day) 
# 
Labs 
Core 
Hours 
Alignment/Variant Calling 64 512 1 1000 1 0.75 5 7,680,000 
RNA Assembly- Big 64 1024 1 10 2 14 5 2,150,400 
RNA Assembly – Small  64 512 1 100 2 0.5 5 768,000 
 
The cost of such a cluster is estimated as having an initial capital investment of $619,000.  Note: 
that this does not include operational costs such as space, power, cooling, hardware or software 
support or the expertise to run a High Performance Computing cluster.  The division of IT 
Research Computing Support Services proposes to run the newly acquired cluster as a part of its 
core mission to provide centralized research computing capability for the campus and the system. 
 
Table 3. Cost characteristics of proposed 20 node Bioinformatics cluster 
 
Item Cost Count Total 
Compute Node $24,000 20 $480,000 
10/40 Gigabit Switch $6,000 1 $6,000 
Rack/Power $3,000 1 $3,000 
100TB High Speed Scratch $120,000 1 $120,000 
Miscellaneous $10,000 1 $10,000 
Total   $619,000 
 
Sustainability Model 
Although some compute infrastructures already exist at Mizzou such as the BioCluster and the 
MUgenomics servers, they are not scalable to accommodate the demand of the growing campus 
community involved in bioinformatics.  Computing infrastructure has an inherent lifecycle and 
must be upgraded and/or replaced.  The model we propose involves the University and researchers 
sharing the costs.  Under this model, the University pays for the initial acquisition of a system and 
researchers “buy-in” by allocating grant money to acquire additional compute nodes, storage and 
pay for life cycle updates. Recent upgrades of Lewis3, the purchase of General Purpose Research 
Storage and the proposed Bioinformatics cluster investment, position MU to establish a fee 
structure to make the system sustainable. 
Storage 
The Research Computing Support Services recently invested over $500K to implement more than 
one Petabyte (PB) of disc storage for the University’s General Purpose Research Storage (GPRS). 
https://doit.missouri.edu/services/research/general-purpose-research-storage/.  
This service offers a sustainable and flexible research data storage environment at reasonable cost. 
The Division of IT’s Research Computing staff manage the data storage and will actively recruit 
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and support additional investments by researchers and other units on campus.  GPRS options 
available to researchers include: 
Individual Storage: Individual researchers are given 10 GB of private storage for private use at 
no charge. Additional storage is allocated in 256 GB increments at the cost of $10/TB/month. 
Project Storage: Storage associated with specific groups of researchers or instruments are 
allocated on a per project basis.  Each project is provided with 10 GB of storage at no charge. 
Additional storage will be allocated in 256 GB increments at the cost of $10/TB/month. 
Special Project Storage: 50 TB of storage have been designated for special cases where the 
storage will be provided at a reduced cost or at no charge. These projects are expected to be short 
exploratory projects or special projects evaluated on a case-by-case basis considering the storage 
needs (size and duration).  Special Projects might include promising exploratory research for short 
periods of time, exemplary research that has little chance of external funding or needs leading to 
the likely securing of funding, and other special-use cases as determined by MU’s CI Council. 
Large Storage Investment: Researchers with larger storage needs can invest in half or multiple 
entire nodes, around 100 TB per node, for five years of service. Investors receive dedicated access 
to one (half-node) or two (full-node) 10 Gigabit Ethernet (GbE) network storage ports. Nodes will 
be taken out of service after five years, but as part of a future storage offering, may be placed in a 
depreciated storage system. 
The GPRS investment and cost structure now make it possible to budget for a project’s storage 
costs during the grant writing process.  Prior to the 2015 purchase of the GPRS this was not 
possible at Mizzou because no such infrastructure existed. 
Budgeting the Costs in a Project Proposal 
This has not traditionally occurred at Mizzou during the grant writing process because these types 
of cost templates have not been available. This has been for two reasons: 1) the infrastructure did 
not exist, and 2) there has not been the volume of data on campus with which to build these models. 
The initial investment by the University in the Bioinformatics cluster will provide a baseline for 
estimating the cost structure associated with providing the required computational capacity in a 
sustainable way similar to the manner in which the General Purpose Research Storage (GPRS) 
operates.  There are several groups on campus (IRCF, Animal Genomics and Soybean) with 
experience in managing large volumes of sequence data of multiple varieties such as genomic 
resequencing, RNA-seq, etc.  These groups will create a template that new researchers can use to 
estimate the storage and computational costs associated with their project.  For example, the 
Animal Genomics group has estimated that the cost to store and process a 30X coverage 
mammalian genome is approximately $264.  This includes the cost to store the raw and processed 
data at $10/TB/mo for five years and the cost of purchasing an additional compute node at $15,000 
amortized over 100 animals.  Therefore, if someone was writing a new grant application proposing 
to sequence 100 genomes they would budget $26,400 to enable the sustainability of the 
Bioinformatics cluster and cover the computational costs associated with the research.  The 
computational costs template can be included in the grant budget justification.  Funding agencies, 
in particular, NSF, NIH and USDA routinely require data management plans and expect applicants 
to budget and make provisions for long-term data storage. 
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APPENDIX A 
Sequencing related grants funded at MU organized by year of funding. 
Species Mizzou PI/Co-I 
Dept 
/Division Agency 
Funding 
years 
Total 
budget 
Sequencing 
budget Title 
Soybea
n Stacey, G 
Plant 
Sci/Biochem 
United Soy 
Board 
2000 - 
2005 $300,000   
Development of soybean genetics 
and genomics 
Plants Pires 
Biological 
Science NSF 
2005 - 
2011 $1,176,000   
Functional genomics of plant 
polyploids 
Plants Pires 
Biological 
Science NSF 
2006 - 
2011 $3,170,304   
Toward unraveling the 
morphological plasticity and 
genome redundancy of Brassica 
oleracea 
Maize 
Evans 
(Stanford)/Giv
an MMI NSF 
2007 - 
2013 $4,755,985 $48,000 
Functional Genomics of Maize 
Gametophytes 
  Pires 
Biological 
Science 
MU 
Richard 
Wallace 
Research 
Incentive 
Grant 
Award 
2008 - 
2008 $4,000   
Improving phylogenetic thinking in 
biology undergraduates 
  Pires 
Biological 
Science NSF 
2008 - 
2010 $10,000   
COLLABORATIVE RESEARCH: 
Comparative Investigation of 
Incipient Sex Chromosome 
Evolution in the genus Asparagus 
  Pires 
Biological 
Science NSF 
2008 - 
2011 $275,093   
COLLABORATIVE RESEARCH:  From 
Acorus to Zingiber: Assembling the 
phylogeny of monocots 
Soybea
n Stacey, G 
Plant 
Sci/Biochem NSF 
2008 - 
current $3,000,000 $200,000 
Soybean root hairs as a model for 
single cell systems biology 
Human Taylor K. 
Pathology & 
Anatomical 
Sciences 
Mizzou 
Advantage 
2010 - 
2010 $10,000 $10,000 Methylation analysis in leukemia 
  Pires 
Biological 
Science 
MU 
Research 
Board 
2010 - 
2011 $30,000   
Improving DNA barcoding using 
next-generation sequencing 
Human Taylor K. 
Pathology &  
Anatomical 
Sciences NIH 
2010 - 
2015 $750,000 $130,600 
Towards defining the functional 
methylome in acute lymphoblastic 
leukemia 
Dog 
Johnson/O'Bri
en 
Veterinary 
Medicine 
Internal 
funding 
2010 - 
current $300,000 $300,000 
Mizzou Comparative Canine 
Sequencing 
Dog O'Brien 
Veterinary 
Medicine 
Mizzou 
Advantage 
2010-
2010 $70,000 $70,000 
Whole genome sequencing of an 
animal model of cerebral cortical 
dysplasia: Developing the next 
generation of genomics for human 
and animal health 
Human 
trophob
last Roberts/Ezashi 
Animal 
Sciences NIH 
2010-
2015 $1,717,855 $60,000 
Pluripotent stem cells as models 
for normal and diseased 
trophoblast NIH R01 HD67790 
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Species Mizzou PI/Co-I 
Dept 
/Division Agency 
Funding 
years 
Total 
budget 
Sequencing 
budget Title 
  Pires 
Biological 
Science NSF 
2011 - 
2013 $14,951   
DISSERTATION RESEARCH: 
Systematics of the Order 
Brassicales and Family 
Brassicaceae, and comparative 
genomic analyses (nuclear and 
organellar genomes): a 
phylogenomic approach 
Cow Taylor 
Animal 
Science USDA/AFRI 
2011 - 
2016 
$10,000,00
0 $150,000 
Integrated Program for Reducing 
Bovine Respiratory Disease 
Complex in Beef and Dairy Cattle 
Cow Taylor 
Animal 
Science USDA/AFRI 
2011 - 
2016 $5,000,000 $180,000 
National Program for the Genetic 
Improvement of Feed Efficiency in 
Beef Cattle. 
Metage
nomic Bryda   NIH 
2011 - 
2016 $1,038,598 $10,000 Rat Resource and Research Center 
Mouse 
Cummings/Giv
an   
MU 
Research 
Board 
2012 - 
2013 $69,576 $16,992 
Characterizing 5-HT and GABA 
Receptor Expression in 5-HT 
Deficient Mice 
Varroa 
mite Elsik 
Animal and 
Plant 
Sciences USDA/AFRI 
2012 - 
2013 $124,066 $124,066 
Genome Characterization of the 
Mite Varroa destructor, the 
Primary Pest of Honey Bees. 
Mosquit
o Beerntsen 
Veterinary 
Medicine 
Internal 
funding 
2012 - 
2013 $18,000 $17,610 
Mosquito Innate Immunity: From 
Immune Recognition Proteins to 
Signaling Pathways 
  Pires 
Biological 
Science NSF 
2012 - 
2013 $14,999   
Phylogeny and evolution of the 
Brassica crops and wild relatives 
(tribe Brassiceae, Brassicaceae): 
morphological diversity and 
homoplasy 
Bacteria Wall 
Biochemistr
y  
Discovery 
Project 
from DOE 
LBNL-SFA 
2012 - 
2014 $60,000 $12,000 
Development of 3’ RNA-seq for 
Quantifying Transcript End Sites 
Mosquit
o Beerntsen 
Veterinary 
Medicine 
Research 
Board 
2012 - 
2014 $62,186 $55,600 
Mosquito Immunity: Pathogen 
Recognition to Signaling 
Human Taylor K. 
Pathology 
&.  
Anatomical 
Sciences Hyundai 
2012 - 
2015 $250,000 $38,500 
Elucidating the role of DNA 
methylation in pediatric ALL 
relapse 
Hymeno
pteran 
Insects Elsik 
Animal and 
Plant 
Sciences USDA/AFRI 
2012 - 
2015 $392,685 $196,000 
Mining Hymenoptera Genomes for 
Functional Sequences 
  Pires 
Biological 
Science NSF 
2012 - 
2015 $468,844   
Phylogenomics of polyploidy in the 
Brassicales 
Cow Elsik 
Animal and 
Plant 
Sciences USDA/AFRI 
2012 - 
2015 $660,451 $330,000 
The Next Generation Bovine 
Genome Database 
Sheep Spencer 
Animal 
Science USDA/AFRI 
2012 - 
2016 $499,000 $40,000 
Physiological Roles of 
Hydroxysteroid (11-beta) 
Dehydrogenases and Cortisol in 
Early Pregnancy 
Cow Spencer 
Animal 
Science NIH 
2012 - 
2017 $1,700,000 $120,000 
System biology approach to 
understand endometrial receptivity 
& pregnancy loss 
Cat Lyons/Gandolfi 
Veterinary 
Medicine & 
Surgery 
Winn 
Feline 
Foundation 
2013 - 
2014 $30,552 $25,000 
9 Lives Cat Genome Sequencing 
Initiative 
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Species Mizzou PI/Co-I 
Dept 
/Division Agency 
Funding 
years 
Total 
budget 
Sequencing 
budget Title 
Dog 
O'Brien/Johns
on 
Veterinary 
Medicine 
Poodle 
Club of 
America 
Foundation 
2013 - 
2014 $15,000 $12,000 
Applying Whole Genome 
Sequencing to Identify the 
Mutation Responsible for 
Polymicrogyria in Standard 
Poodles.  
Cat Lyons/Gandolfi 
Veterinary 
Medicine & 
Surgery Donation 
2013 - 
2014 $70,000 $70,000 Unrestricted gift 
Sheep Conant 
Animal 
Science USDA/AFRI 
2013 - 
2015 $124,000 $80,000 
Improving Profitability and 
Sustainability of Sheep Production 
Soybea
n 
Nguyen/Xu/Jo
shi 
Plant 
Science/CS/
MUII/MMI/I
PG 
United 
Soybean 
Board  
2013 - 
2015 $869,000 $300,000 
Large Scale Sequencing of 
Germplasm to Develop Genomic 
Resources for Soybean  
Improvement 
Cow Patterson 
Animal 
Science USDA/AFRI 
2013 - 
2016 3,000,000 $504,000 
Identification and management of 
alleles impairing heifer fertility 
while optimizing genetic gain in 
Angus cattle 
Bacteria Xu 
Computer 
Science USDA 
2013 - 
2016 $450,000 $100,000 
Prediction and Control of the 
Performance of Anaerobic 
Digestion of Animal Manure 
through Metagenomics for 
Renewable Energy 
Cow Elsik 
Animal and 
Plant 
Sciences USDA/AFRI 
2013 - 
2016 $499,876 $250,000 
Web-Based Tools for Curation and 
Display of Locus-Specific Alternate 
Assemblies 
Maize 
Buckler PI 
(Cornell)/Flint-
Garcia 
(Mizzou) 
Plant 
Sciences/US
DA NSF 
2013 - 
2018 
$12,500,00
0 $2,685,000 
Biology of rare alleles in maize and 
its wild relatives 
Cow Spencer 
Animal 
Science USDA/AFRI 
2013 - 
2018 3,000,000 $150,000 
Improving Fertliity of Dairy Cattle 
Using Translational Genomics 
Human 
Ezashi, 
Schust/Schulz 
Animal 
Science/Ob
Gyn NIH 
2013 - 
2018 1,592,565 $24,000 
Pluripotent Stem Cells: Modeling 
syncytiotrophoblast development 
and pathogenesis  
Cat Lyons/Gandolfi 
Veterinary 
Medicine & 
Surgery 
Endowmen
t 
2013 - 
current $80,000 $80,000 
Gilbreath McLorn Endowment of 
Comparative Medicine 
  Pires 
Biological 
Science USDA 
2014 - 
2015 $13,240   
Genomic diversity among 
morphotypes of Brassica rapa 
vegetable accessions 
Dog 
O'Brien/Johns
on 
Veterinary 
Medicine 
Black 
Russion 
Terrier 
Club of 
America 
2014 - 
2015 $12,000 $6,000 
Identification of the Mutation 
Responsible for Juvenile Laryngeal 
Paralysis & Polyneuropathy in Black 
Russian Terriers 
Cat Lyons/Gandolfi 
Veterinary 
Medicine & 
Surgery 
National 
Genograph
ic 
2014 - 
2015 $70,000 $72,000 
Sequencing the genomes of twelve 
cats 
  Pires 
Biological 
Science 
MU 
Research 
Board 
2014 - 
2015 $24,922   
The evolution of grass 
photosynthesis 
Mouse Spencer 
Animal 
Science NIH 
2014 - 
2016 $415,250 $40,000 
Biological Role of Endometrial 
Glands in Uterine Function 
Human Taylor K. 
Pathology & 
Anatomical 
Sciences Gift 
2014 - 
2016 $28,444 $15,000 Palmer Histiocytosis Research 
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Species Mizzou PI/Co-I 
Dept 
/Division Agency 
Funding 
years 
Total 
budget 
Sequencing 
budget Title 
  Pires 
Biological 
Science 
Mizzou 
Advantage 
2014 - 
2016 $65,269   
The evolution of grass 
photosynthesis: applications for 
food and sustainable energy 
Mosquit
o Franz 
Veterinary 
Pathobiol NIH 
2014 - 
2016 $275,000 $20,000 
Transgenic resistance of Aedes 
aegypti to the four serotypes of 
dengue virus 
Brassica 
(cabbag
e, kale, 
cauliflo
wer etc) Pires 
Biological 
Sciences NSF 
2014 - 
2017 2,179,716 $400,000 
Polyploidy and plasticity in the crop 
Brassicas 
Bacteria Wall 
Biochemistr
y 
DOE LBNL 
SFA 
2014 - 
2017 $530,000 $30,000 
Rapid deduction and comparative 
genomics of survival mechanisms 
of metal-reducing microbes 
Soybea
n Walker/Elsik 
Animal and 
Plant 
Sciences NSF 
2014 - 
2019 
$20,000,00
0 $190,000 
The Missouri Transect: Climate, 
Plants, and Community 
Cat Lyons/Gandolfi 
Veterinary 
Medicine & 
Surgery 
MUGiveDir
ect 
2014 - 
current $50,000 $50,000 
Direct donations for cat 
sequencing. 
Human Taylor K. 
Pathology  
& 
Anatomical 
Sciences 
BTCF 
foundation 
2015 - 
2016 $59,000 $20,000 
Acute lymphoblastic leukemia 
research 
Fruit Fly Hagen 
Animal 
Science 
MU 
Research 
Council 
2015 - 
2016 $9,890 $9,890 
Analysis of non-coding RNA in 
Wolbachia induced cytoplasmic 
incompatibility 
  Pires/Conant 
Biological 
Science/Ani
mal Science NSF 
2015 - 
2016 $15,329   
DISSERTATION RESEARCH: C4 
Photosynthetic Evolution; Sub-
types, Diversity, and Function 
within the Grass Tribe Paniceae 
Bacteria Wall 
Biochemistr
y 
Mizzou 
Advantage 
2015 - 
2016 $149,954 $15,000 
Genetic Requirements for Biofilm 
Formation of Desulfovibrio vulgaris 
Hildenborough 
Cow Hagen 
Animal 
Science 
MU 
Research 
Board 
2015 - 
2016 $48,000 $42,000 
Genome-wide DNA methylation in 
Bovine LOS 
Human 
Bashkin 
(UMSL)/Givan MMI UM IDIC 
2015 - 
2016 $100,000 $50,000 
Prevention of Cervical Cancer: 
Footprinting Anti-HPV Drug-DNA 
Interactions in Live Cells Using 
Gamma Ray-Generated Hydroxyl 
Radicals and Next-Generation DNA 
Sequencing 
Sheep Spencer 
Animal 
Science USDA/AFRI 
2015 - 
2019 $452,000 $60,000 
Biological Roles of 
Exosomes/Microvesicles in 
Conceptus Elongation and Uterine 
Interactions During Early Pregnancy 
Metage
nomic Franklin 
Veterinary 
Pathobiolog
y  NIH 
2015 - 
2020 $986,454 $25,000 
The Mutant Mouse Resource and 
Research Center (MMRRC) at the 
University of Missouri 
Mouse Spencer 
Animal 
Science NIH 
2016 - 
2018 $422,124 $20,000 
Generation of a Transgenic Mouse 
Model to Study Uterine Gland 
Function 
Bacteria 
Taylor/Schnab
el 
Animal 
Science USDA/AFRI 
2016 - 
2019 $499,993 $18,500 
A novel in silico approach to GWAS 
for enhanced resistance to 
bacterial mastitis in dairy cattle 
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Species Mizzou PI/Co-I 
Dept 
/Division Agency 
Funding 
years 
Total 
budget 
Sequencing 
budget Title 
Sheep Spencer 
Animal 
Science USDA/AFRI 
2016 - 
2021 1,700,000 $150,000 
Exosomes/microvesicles: Novel 
Mediators of Uterine Receptivity 
and Conceptus-Maternal 
Interactions 
Human Taylor K.   NIH 
2016 - 
2021 1,250,000 $25,000 
Functional analyses of differentially 
methylated regulatory elements in 
leukemia 
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APPENDIX B 
Summary of peer reviewed journal activity.  Shaded journals have an impact factor > 10. 
Journal Name 
Num. 
Papers Impact Factor Category Rank/total Quartile 
Acta Veterinaria Scandinavica 1 1.377 Veterinary Sciences 36/133 Q2 
American Journal of 
Physiology-Regulatory, 
Integrative and Comparative 
Physiology 1 3.106 Physiology 25/83 Q2 
Animal Genetics 1 2.207 
Agriculture, Dairy & Animal 
Science 3/57 Q1 
Applied and Environmental 
Microbiology 2 3.668 
Biotechnology & Applied 
Microbiology 34/163 Q1 
Archives of Virology 1 2.390 Virology 18/33 Q3 
Artificial Intelligence in 
Medicine 1 2.019 
Computer Science, Artificial 
Intelligence 40/123 Q2 
Bioinformatics  2 4.981 
Biochemical Research 
Methods 8/79 Q1 
Biology of Reproduction 4 3.318 Reproductive Biology 5/30 Q1 
BMC Bioinformatics 4 2.576 
Biochemical Research 
Methods 34/79 Q2 
BMC Evolutionary Biology 1 3.368 Evolutionary Biology 17/46 Q2 
BMC Genomics 18 3.986 
Biotechnology & Applied 
Microbiology 26/163 Q1 
BMC Plant Biology 2 3.813 Plant Sciences 22/204 Q1 
BMC Systems Biology 1 2.435 
Mathmatical & Computational 
Biology 13/57 Q1 
BMC Veterinary Research 1 1.777 Veterinary Sciences 21/133 Q1 
Cancer Research 1 9.329 Oncology 11/211 Q1 
Cellular Reprogramming 2 1.788 Cell & Tissue Engineering 17/21 Q4 
Cold Spring Harbor Symposia 
on Quantitative Biology 1 0.856 
Biochemistry & Molecular 
Biology 224/261 Q4 
Crop Science 1 1.575 Agronomy 23/81 Q2 
DNA Research 1 5.477 Genetics & Heredity 23/167 Q1 
Epigenetics 3 4.780 
Biochemistry & Molecular 
Biology 56/290 Q1 
FASEB JOURNAL 1 5.043 
Biochemistry & Molecular 
Biology 50/290 Q1 
Frontiers in Microbiology 1 3.989 Microbiology 27/119 Q1 
Frontiers in Plant Science 2 3.948 Plant Sciences 19/204 Q1 
Functional Plant Biology 1 3.145 Plant Sciences 34/204 Q1 
Genes and Development  1 10.798 Cell Biology 16/184 Q1 
Genetics 4 5.963 Genetics & Heredity 21/167 Q1 
Genome 1 1.424 
Biotechnology & Applied 
Microbiology 114/163 Q3 
Genome Biology 3 10.381 
Biochemistry & Molecular 
Biology 5/163 Q1 
Genome Biology and Evolution 1 4.229 Evolutionary Biology 9/46 Q1 
Genome Research 5 14.630 
Biochemistry & Molecular 
Biology 4/290 Q1 
Human Genomics 1 2.146 Genetics & Heredity 105/167 Q3 
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Journal Name 
Num. 
Papers Impact Factor Category Rank/total Quartile 
International Journal of Data 
Mining and Bioinformatics 1 0.495 
Mathmatical & Computational 
Biology 56/57 Q4 
International Journal of 
General Systems 1 1.637 
Computer Science, Theory & 
Methods 18/102 Q1 
Investigative Ophthalmology 
and Visual Science 1 3.404 Opthalmology 7/57 Q1 
Journal of Animal Science 1 2.108 
Agriculture, Dairy & Animal 
Science 5/57 Q1 
Journal of Bioinformatics and 
Computational Biology 2 0.783 
Mathmatical & Computational 
Biology 48/57 Q4 
Journal of Experimental Botany 3 5.526 Plant Sciences 12/204 Q1 
JOURNAL OF PROTEOME 
RESEARCH 1 4.245 
Biochemical Research 
Methods 14/79 Q1 
Journal of Reproduction and 
Development 1 1.515 
Agriculture, Dairy & Animal 
Science 13/57 Q1 
Journal of Veterinary Internal 
Medicine 4 1.879 Veterinary Sciences 17/133 Q1 
Molecular Breeding 1 2.246 Agronomy 14/81 Q1 
Molecular Genetics and 
Genomics 1 2.728 
Biochemistry & Molecular 
Biology 144/290 Q2 
Molecular Genetics and 
Metabolism 2 2.625 
Biochemistry & Molecular 
Biology 149/290 Q3 
Molecular Plant Pathology 1 4.724 Plant Sciences 16/204 Q1 
MOLECULAR PLANT-MICROBE 
INTERACTIONS 1 3.944 Plant Sciences 20/204 Q1 
Molecular Psychiatry 1 14.496 
Biochemistry & Molecular 
Biology 5/290 Q1 
Molecular Reproduction and 
Development 2 2.527 
Biochemistry & Molecular 
Biology 159/290 Q3 
Nature 2 41.456 Multidisciplinary Sciences 1/57 Q1 
Nature Communications 1 11.470 Multidisciplinary Sciences 3/57 Q1 
Nature Genetics 1 29.352 Genetics & Heredity 2/167 Q1 
Nature Methods 1 32.072 
Biochemical Research 
Methods 1/79 Q1 
Neurobiology of Disease 2 5.078 Neurosciences 39/252 Q1 
New Phytol 1 7.672 Plant Sciences 6/204 Q1 
Nucleic Acids Research 8 9.112 
Biochemistry & Molecular 
Biology 20/290 Q1 
PHYSIOLOGICAL ENTOMOLOGY 1 1.416 Entomology 31/92 Q2 
Physiological Genomics 3 2.374 Cell Biology 128/184 Q3 
Plant Biotechnology Journal 3 5.752 
Biotechnology & Applied 
Microbiology 15/163 Q1 
Plant Cell 3 9.338 Plant Sciences 4/204 Q1 
Plant Genetic Resources-
Characterization and 
Utilization 1 0.580 Plant Sciences 165/204 Q4 
Plant Journal 2 5.972 Plant Sciences 10/204 Q1 
Plant Physiology  4 6.841 Plant Sciences 8/204 Q1 
Plant Science 1 3.607 Plant Sciences 27/204 Q1 
PLoS Biology 1 9.343 
Biochemistry & Molecular 
Biology 17/290 Q1 
PLoS Genetics 4 7.528 Genetics & Heredity 14/167 Q1 
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Journal Name 
Num. 
Papers Impact Factor Category Rank/total Quartile 
PLoS Neglected Tropical 
Diseases 1 4.446 Parasitology 5/36 Q1 
PLOS ONE 19 3.234 Multidisciplinary Sciences 9/57 Q1 
Proceedings of the National 
Academy of Sciences USA 5 9.674 Multidisciplinary Sciences 4/57 Q1 
Proceedings of the Royal 
Society B: Biological Sciences 1 5.051 Biology 8/85 Q1 
RNA-A PUBLICATION OF THE 
RNA SOCIETY 1 4.936 
Biochemistry & Molecular 
Biology 53/290 Q1 
Science 1 33.611 Multidisciplinary Sciences 2/57 Q1 
Science of the Total 
Environment 1 4.099 Environmental Sciences 18/223 Q1 
World Mycotoxin Journal 1 2.157 Mycology 13/24 Q3 
Asian J. Plant Pathology  1         
Current Opinion in Insect 
Science 1         
G3: Genes|Genomes|Genetics 2         
Genome Announcements 1         
International Journal of 
Bioinformatics Research and 
Applications 1         
International Society for 
Microbial Ecology Journal 1         
Journal of Computer and 
Science Technology 1         
The Journal of Physiology 1         
Theoretic Applied Genetics 1         
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APPENDIX C 
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Shannon JG, Shifeng C, Liu X, Nguyen HT. Landscape of genomic diversity and trait discovery in soybean. 2015. 
Submitted. 
Liu Y,  Khan SM, Wang J,  Chen S, Rynge M, Wang J, Maldonado dos Santos JV, Valliyodan B, Merchant N, Nguyen 
HT, Xu D, Joshi T. PGen: Large-Scale Pegasus Workflow for Genomic Variation Analysis in SoyKB. 
Bioinformatics Application Notes. 2015 Submitted. 
Oswaldo Valdés-López, Josef Batek, Nicolas Gomez’Hernandez, Ning Zhang, Trupti Joshi, Dong Xu, Kim K, 
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